Development of cat somatosensory cortex: structural and metabolic considerations.
Although research is beginning to clarify the relationship between structure and functional activity in the adult cerebral cortex, little is known about cortical development in the somatosensory cortex of cats. A number of parameters were used in this study to identify functional and anatomical correlates in the developing somatosensory cortex of kittens ranging in age from 3 to 33 d: 2-deoxyglucose (2DG) uptake, cytochrome oxidase (CO) activity, Nissl staining, and AChE activity. All of these parameters were found to reflect an immaturity that evolved to the adult-like pattern by 4-5 weeks of age. Nissl staining revealed an immature laminar pattern at birth, in which layers I, V, and VI were distinct whereas layers II-IV were homogeneous in appearance. Numerous cells could be observed at the layer VI-white matter junction and throughout the white matter, a feature not found in adults. The laminar distribution of Nissl-stained cells gradually became mature by 4-5 weeks of age. CO staining was homogeneous throughout all layers, in contrast to the adult pattern, which displays laminar differentiation. In young animals, many darkly stained CO+ cells were found at the layer VI-white matter border and in the white matter, a distribution not found in the adult. AChE staining in kittens was also distinctly different from that in adults. At birth, AChE+ fibers could be found in layers I, V, and VI but were scarce in layers II-IV. In the adult, a dense network of AChE+ fibers can be found in all layers. 2DG uptake was also immature, as little stimulus-evoked activity could be observed in animals younger than 2 weeks. A dense band of metabolic activity was found in the zone between layer VI and the white matter, whether or not a somatic stimulus was delivered. These results suggest a close correlation between the developing cytoarchitecture and the emergence of a mature pattern of functional activity in the somatosensory cortex.